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(54) Double mesa avalanche photodetector 

(57) The avalanche region (24) of the photodetector (10) is separated from the detector surfaces by a region (26) in 
which the electricf ield under reverse bias will be less than in the avalanche region (24). An absorptive region (1 8) has a 
planar surface area (22a) surrounded by a non-planarsurface area (22b). Afirst region (24) overlies the planar area (22a) 
and a second region (26) of opposite conductivity type overlies both the first region (24) and the non-planar area (22b) of 
the absorptive region (18). The high electric fields are restricted to the first region (24) which is isolated from the 
surfaces of the photodetector (10). 
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SPECIFICATION 

Double mesa avalanche photodetector 

5 The invention relates to an avalanche photodetec- 
tor having a lower electricfield at the P-N junction 
periphery thereby reducing the surface leakage 
currents and the likelihood of edge breakdown. 
Optical communication systems which operate in 

10 the wavelength range from 11 00 to 1700 nanometers 
(nm) are of potentially great importance because the 
dispersion and losses in an optical fiber are typically 
very lowin this wavelength range. Heterojunction 
devices incorporating binary III-V alloys and solid 

1 5 solutions of these alloys have been found to be 
particularly useful for this application because their 
electronic bandgaps occur in this wavelength range 
and lattice-matched heterojunctionscan be obtained 
by compositional variations. In particu lar, ternary and 

20 quaternary alloys of In, Ga, As and P on an InP 
substrate have been found to be useful materials for 
both light-emitters and detectors. 

Problems which have affected the performance of 
avalanche photodetectors using these materials in- 

25 elude bulk tunneling currents which occur at electric 
fields of the order of 1 .5x1 0 5 V/cm in ternary and 
quaternary compounds used for the light-absorptive 
region, edge breakdown and multiplication of surface 
leakage currents atthe junction periphery. The 

30 tunneling has been reduced by locating the P-N 
junction with its high electricfield in a wide bandgap 
material separate from the light-absorptive region in 
the narrower bandgap material. This is the so-called 
SAM (Separated Absorbing and Mutliplying) photo- 

35 detector structure. 

Edge breakdown and surface currents have been 
reduced by the use of a mesa structure in which the 
width of the detector decreases with increasing 
distance from thesubstrate. However, it is desirable 

40 to further reduce the electricfield distribution atthe 
junction periphery to further limit the surface field 
and leakage current atthe junction periphery. 

There is disclosed herein an avalanche photodetec- 
tor which includes an absorptive region having a 

45 planar surface area surrounded by a non-planar 
surface area. A first region overlies the planar surface 
area and a second region overlies the first region and 
the non-planar area of the absorptive region thereby 
providing a P-N junction between the first and second 

50 regions surrounded by a P-N junction between the 
absorptive and second regions. By suitable choice of 
dopant levels in the absorptive and first regions, the 
electricfield atthe junction periphery is maintained at 
a value significantly less than the field in the first 

55 region when a reverse-bias voltage is applied to the 
detector. 
In the accompanying drawings: 
FIGURE 1 is a cross-sectional view of a photodetec- 
tor of the invention. 

60 FIGURE 2 is a graphical illustration of the electric 
fields along the lines A-A and B-B of FIGURE 1 . 

The photodetector 10, as shown in FIGURE 1, 
includes a substrate 1 2 having first and second major 
surfaces 14 and 1 6, respectively, and an absorptive 

65 region 1 8 overlying the first ma jor su rface 1 4. A buffer 



region 20 overlies the absorptive region 18. Asurface 
22 comprises a planar surface area 22a of the buffer 
region 20 surrounded by a non-planar surface area 
22b of the absorptive region 1 8. A first region 24 

70 overlies the planar area 22a and has a planar surface 
area 25. A second region 26 overlies the first region 24 
and the non-planar surface area 22b. A first electrical 
contact 28 overlies the second region 26 and a second 
electrical contact 30 overlies the second major 

75 surface 16. The combination of the planar and 

non-planar surfaces of the second region 26 together 
with a curving sidewall 32 of the absorptive region 18 
forms a double mesa structure. 
The substrate 1 2 and the absorptive, the buffer, and 

80 first regions 1 8, 20 and 24 have the same conductivity 
type and the second region 26 has the opposite 
conductivity type producing a P-N junction atthe 
interface of the second region 26 with the first region 
24 and atthe interface of second region 26 and the 

85 absorptive region 18 orthe buffer region 20 over the 
non-planar area 22b. 

The materials comprising all the regions are 
preferably chosen such that their lattice constants are 
m atched to that of the substrate 1 2 to with in about 0.5 

90 percent 

Thesubstrate 12 is composed of a semiconductor 
material such as N-type InP doped with sulfurto a 
concentration of about 5x1 0 18 /cm 3 , has sufficient 
thicknesss to supportthe structure and is typically 

95 between about 0.03 and 0.04 cm thick. The first major 
surface is typically treated with Caro'sacid and a one 
percent bromine-in-methanol solution to remove 
surface contamination and damage priorto the 
formation of the different regions. 

1 00 The absorptive region 18 is composed of a semi- 
conductor material which absorbs light atthe 
wavelength of interest in the range between 1 1 00 and 
1700 nm. Suitable materials include lno.53Gao.47As 
which absorbs at wavelengths less than 1650 nm and 

105 InxGa^xAsyPvy which absorbs light at wavelengths 
less than a maximum wavelength determined by the 
choice of x and y as disclosed, for example, by Olsen 
etal. in the Journal of Electronic Material a 977 
(1980). This region is preferably slightly v-type 

1 1 0 conducting, and is typically u ndoped material con- 
taining less than about1x10 l5 donors/cm 3 . Preferably 
the excess conductivity modifier concentration in this 
region is at least a factor of about ten less than the 
excess conductivity modifier concentration in the first 

1 1 5 region 24. This doping level is such that forthe 
voltages typically applied to the photodetector, the 
electricfield is less than the threshold for tunneling. 
This region is between about 5 and 1 5 micrometers 
(Urn) thick and preferably between about 8 and 12 um 

120 thick. 

The buffer region 20 is composed of a semi- 
conductor material, typically in aGavaAsbPi-b* having 
a graded or fixed bandgap energy between that of the 
absorptive region 1 8 and the first region 24 and is 

1 25 typically about 0.5 urn thick. Ty pica lly the concentra- 
tion of conductivity modifiers in this region is the 
same as that in the absorptive region 1 8. This region 
is present to avoid the slow detector response 
associated with the accumulation of charge carriers 

130 nearthe valence-band discontinuity atthe hetero- 
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junction but may be omitted. 

The first region 24 is composed of a semiconductor 
material, such as N-type InP, having a thickness and 
conductivity modifier concentration sufficients 
5 produce avalanche multiplication of carriers photo- 
generated in the light-absorptive layer 1 8 when a 
reverse bias of sufficient magnitude is applied to the 
photodetector.This region preferably has an areal 
excess concentration of conductivity modifiers NiX 1f 

10 where is the excess volume concentration and is 
the first region thickness, between about 2.5 and 
4x10 12 /cm 2 .Thethicknessofthis layer is between 
about 0.5 and 2.5 |im. The corresponding volume 
modifier concentration is between about 0.7 and 

15 7x10 l6 /cm 3 and preferably between 2 and 5x10 l6 /cm 3 . 
The second region 26 is composed of a high- 
conductivity semiconductor material such as P-type 
InP containing an excess of 1 0 18 Zn acceptors/cm 3 
and has a thickness between about 1 and 2 urn. 

20 The substrate 18 and first and second regions 24 
and 26are preferably substantially lighttransmissive 
at the wavelength to bedetected. 

The first electrical contact 28 iscomposedof a 
gold/zinc alloy deposited by vacuum evaporation if 

25 the second region 26 is P-type and is typically 
configured so that light enters the detectorth rough 
that portion of the second region 26 overthefirst 
region 24. The second electrical contact 30 is com- 
posed of a gold/tin alloy deposited by vacuum 

30 evaporation if the substrate 12 is N-type. 

In the operation of this photodetectora reverse- 
bias voltage is applied between the electrical con- 
tacts. The depletion width in thefirst region 24 
increases with increasing voltage, reaching a value of 

35 between about 3,75 and 6x1 0 5 V/cm when the first 
region 24 is just fully depleted. Afurther increase in 
the applied voltage causes the depletion region to 
extend into the absorptive region 1 8. Assuming an 
abrupt P-N junction and including the buffer region 20 

40 with the absorptive region 18, the internal electric 
field is: 

where q is the electronic charge, e is th e dielectric 
constant, N Q is the excess conductivity modifier 
concentration and wis the depletion region width in 

45 theabsorptive region 18. The first term represents the 
field necessary to deplete thefirst region 24and the 
second term represents the field at the surface 22a. 
This field distribution is illustrated as the solid curve 
in FIG U RE 2 where the abscissa labels correspond to 

50 the different surfaces of FIGURE 1. 

The electricfield required for avalanche is depen- 
dent on the concentration of conductivity modifiers in 
the first region 24 and is typically in the range of 4.5 to 
6x1 0 5 volts/cm. The electricfield in the absorptive 

55 region 18doesnotincrease beyond about 1.0x10 5 
V/cm before the elect ric fiel d Em fo r aval a nch e 
breakdown occurs in thefirst region 24. 

At the P-N junction between the second region 26 
and the absorptive region 18, the electric field 

60 extends into the absorptive region 18 from the 
junction. The maximum electric field E p remains 
much lower than E m since the absorptive region 18 is 
much more lightly doped. This electricfield distribu- 



tion is illustrated as the broken curve in FIGURE 2. 
65 Thenecessitytolimitthefieldattheperiphery 
imposes certain restrictions on the operating voltage 
of the device, and therefore the impurity concentra- 
tion and corresponding thickness of thefirst region 
24. In an abrupt junction, the relationship between 
70 maximum electricfield E p , voltage and impurity 
concentration is given by: 

75 where Vistheapplietfreverse-biasvoltage.Since E p 
may not exceed the 1 .5x10 s V/cm threshold for 
tunneling, the product (N-V) must not exceed about 
7.5x1 0 16 V/cm 3 . Thus, for example, if N 0 is 1xl0 ,5 /cm 3 
then the total voltage may not be greater than about 

80 75 volts. The voltage for avafanche is determined by 
integration of the electric fieldoverthe full width of 
the depletion region which is the area under the solid 
curve of FIGURE 2. 
The semiconductor layers which form the regions 

85 may be sequentially deposited cm the substrate 
surface using liquid-phase or, preferably, vapor- 
phase epitaxy techniques such as those disclosed by 
Olsen et al. in U.S. Patent No. 4,1 1 &,733, incorporated 
herein by reference, v-type absorptive layer and 

90 buffer layersand a first N-type InP semiconductor 
layer are sequentially deposited on an N-type InP 
substrate wafer by vapor-phase epitaxy. Portions of 
the surface of the first layer are covered with an 
etch-resistant mask and the surrounding portion of 

95 thefirstlayerandthebufferlayerandasmali portion 
of the light-absorptive layer are removed by chemical 
etching in a one percent bromine-tn-methanol solu- 
tion. The mask is removed leaving a surface compris- 
ing planar portions of the first layer surrounded by 

100 non-planar portions which include the sides of the 
first layer and the su rface of the absorptive layer 
exposed by the etching process. A P-type InP second 
semiconductor layer is deposited by vapor-phase 
epitaxy on both the planar and non-planar surfaces. 

1 05 The second layer and the substrate are then metal- 
lized to provide the detector contacts. Thesidewails 
of the individual detectors are then contoured by 
standard masking techniques and etching in a 
bromine-methanol etchant solution to form the 

110 sidewall 32. The detectors are then separated using 
standard techniques. 

Alternatively the second region 26 may be formed 
by diffusion or ion implantation of an excess concen- 
tration of conductivity modifiers into the planar 

1 1 5 su rface of the first layer 24 and the surrounding 
non-planar portions of the surfaces of the absorptive 
and first layers. 
CLAIMS 

1. An avalanche photodetector comprising 
1 20 a semiconductor substrate having first and second 
major surfaces; 

an absorptive region overlying the first major 
surface and having a region surface comprising a 
planararea and a surrounding non-planar area; 
125 a first region overlying said planararea; 

a second region overlying thefirst region and said 
non-planar area; 
a first electrical contact overlying said second 
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region; and 

a second electrical contact to the substrate; 

the substrate, the aborptive region and the first 
region having one conductivity type and the second 
5 region having the opposite conductivity type. 

2. The photodetector of Claim 1 wherein the areal 
concentration of the conductivity modifiers in the first 
region is between about 2.5 and4x10 12 /cm 2 . 

3. The photodetector of Claim 2 wherein the 

1 0 thickness of the first region is between about 0.5 and 
2.5 micrometers. 

4. ThephotodetectorofClaim3furthercompris- 
ing a buffer region between the absorptive and first 
regions. 

T5 5. The photodetector of Claim 1 wherein the first 
region is composed of N-type InP, the second region 
is composed of P-type InP and the absorptive region 
has v-type conductivity and is composed of a material 
selected from a group consisting of Ino.57G30.43As and 

20 ln x Gat.xAsyPv K alloys. 

6. The photodetector of Claim 5 further compris- 
ing a buffer region between the absorptive and first 
regions. 

7. The photodetector of Claim 5 wherein the 

25 absorptive region has a thickness greater than 3 urn 

8. An avalanche photodetector substantial lly as 
hereinbefore described and shown with reference to 
Fig. 1 of the accompanying drawing. 



Printed in the United Kingdom for Her Majesty's Stationery Office. 8818935, 
10/85. 18996. Published at the Patent Office. 25 Southampton Buildings, 
London WC2A 1AY, from which copies may be obtained. 



